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ABSTRACT
We present a spectral and imaging analysis of the XMM-Newton and Chandra ob-
servations of the Seyfert 2 galaxy ESO138-G001, with the aim of characterizing the
circumnuclear material responsible for the soft (0.3-2.0 keV) and hard (5-10 keV) X-ray
emission. We confirm that the source is absorbed by Compton-thick gas. However, if a
self-consistent model of reprocessing from cold toroidal material is used (MYTorus),
a possible scenario requires the absorber to be inhomogenous, its column density along
the line of sight being larger than the average column density integrated over all lines-
of-sight through the torus. The iron emission line may be produced by moderately
ionised iron (FeXII-FeXIII), as suggested by the shifted centroid energy and the low
Kβ/Kα flux ratio. The soft X-ray emission is dominated by emission features, whose
main excitation mechanism appears to be photoionisation, as confirmed by line diag-
nostics and the use of self-consistent models (Cloudy).
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1 INTRODUCTION
The X-ray spectrum of highly obscured Seyfert galaxies is
dominated by reflection components, originating from both
cold and ionised circumnuclear matter (Matt et al. 2000).
In unobscured objects, these reflection components can be
heavily diluted, often down to the point of invisibility. How-
ever in Compton-thick sources (where the absorbing column
density along the line of sight exceeds NH = σ
−1
T ≃ 1.5×10
24
cm−2) the complete obscuration of the primary nuclear
continuum permits us to have a clear view of these com-
ponents. So far, most of our knowledge of circumnuclear
reprocessing material is based on the brightest Compton-
thick sources in the sky, like Circinus (e.g. Matt et al. 1999;
Sambruna et al. 2001; Molendi et al. 2003a), NGC 1068
(e.g. Kinkhabwala et al. 2002; Matt et al. 2004), Mrk 3 (e.g.
Sako et al. 2000; Bianchi et al. 2005; Pounds & Page 2005)
and NGC 424 (Marinucci et al. 2011).
ESO138-G1 ( a Seyfert 2 galaxy at z = 0.0091) exhibits
⋆ E-mail: m.decicco89@gmail.com (MD)
a compact nucleus and a bright asymmetric, wedge-shaped
circumnuclear zone of diffuse light resembling an ionization
cone from the AGN (Mun˜oz Mar´ın et al. 2007). Studying
X-ray data from ASCA, Collinge & Brandt (2000) found for
this object a hard spectrum and a prominent Fe Kα emission
line, suggesting that ESO 138-G1 is a reflection dominated
source, but statistically acceptable fits were also found with
a partial-covering absorption column of NH=2×10
23 cm−2.
Recently, an X-ray spectral analysis of this source has
been performed by Piconcelli et al. (2011), studying two
short XMM-Newton observations in 2007. A soft excess com-
ponent, characterized by the presence of several emission
lines, was revealed below 2 keV. Fitting above 3 keV with a
power law, a very flat slope was found (Γ ∼ 0.35), with the
presence of a prominent emission line around 6.4 keV and
identified with the neutral iron Kα fluorescence line. The
large EW (∼800 eV) of this feature indicates a heavy obscu-
ration along the line of sight. This obscuration can be caused
by a Compton-thin (transmission scenario) or Compton-
thick (reflection scenario) screen of absorbing material which
prevents the direct observation of most or all nuclear X-ray
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emission. These models provided a good fit to the data and
appear statistically equivalent; however the equivalent width
of the Fe Kα line around 800 eV and the low ratio of 2-10
keV to de-reddened [OIII] fluxes lead Piconcelli et al. (2011)
to suppose that ESO 138-G1 is a Compton-thick galaxy. Fi-
nally, it has been noted that the upper limits to the 15-150
keV flux provided by Swift/BAT and INTEGRAL/IBIS ob-
servations seem to exclude the presence of a direct view of
the nuclear continuum even in the very hard X-ray band,
implying a very high value for the column density, of the
order of 1025 cm−2.
In this paper, we present a new observational campaign
of ESO 138-G001 performed with XMM-Newton and Chan-
dra in 2013 and 2014, respectively.
2 OBSERVATIONS AND DATA REDUCTION
ESO 138-G001 was observed by XMM-Newton
(Jansen et al. 2001) twice in 2007 and once in 2013,
on February 24, with the European Photon Imaging Cam-
eras (EPIC): the pn (Stru¨der et al. 2001) and the two MOS
(Metal-Oxide Semi-conductor; Turner et al. 2001) detec-
tors. These were operated in Full Frame Mode using thin
filters. The 2007 observations, for a total clean exposure
time of ≃ 27 ks, are discussed in detail in Piconcelli et al.
(2011). We focus here on the long observation performed in
2013, for total elapsed time of 135 ks. Data were reduced
with SAS 14.0 with the latest calibration available at the
time of writing. Screening for intervals of flaring particle
background was done consistently with the choice of extrac-
tion radii, in an iterative process based on the procedure
to maximize the signal-to-noise ratio described in detail
by Piconcelli et al. (2004) in their appendix A. This led to
optimal extraction radii of 33 and 35 arcsec, respectively
for pn and the two MOS, while background spectra were
extracted from nearby circular regions with a radius of 50
arcsec. After having verified their consistency, the two MOS
spectra were co-added. The final clean exposure times are
85 and 122 ks, for the pn and the co-added MOS spectra,
respectively. Patterns 0–4 for pn and 0–12 for MOS were
used. The spectra were then binned in order to over-sample
the instrumental resolution by at least a factor of 3 and to
have no less than 30 counts in each background-subtracted
spectral channel, allowing us to adopt the χ2 statistics.
Although we found no significant difference between the
2003 and the 2013 spectra, we decided not to co-add them,
since the new observation has a much longer exposure time.
We also used time-averaged spectra, due to the lack of both
spectral and flux variations in the 2013 observation (Fig.
1). Moreover, we do not use MOS data in this paper, unless
explicitly stated. Finally, RGS spectra were extracted with
standard procedures. Background spectra were generated
using blank field event lists, accumulated from different
positions on the sky vault along the mission. Exposure
times of the RGS spectra are 128 ks (see Table 2).
The source was then observed by Chandra on 2014, June
20 for an exposure time of 49 ks, with the ACIS-S detec-
tor (Advanced CCD Imaging Spectrometer: Garmire et al.
2003). Data were reduced with the Chandra Interactive
Analysis of Observations (CIAO: Fruscione et al. 2006)
4.7 and the Chandra Calibration Data Base 4.6.5 data
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Figure 1. Background-subtracted EPIC-pn light curve of the
source in the 0.5–10 keV energy band. Horizontal solid and dashed
lines indicate mean and standard deviation, respectively.
base, adopting standard procedures. The imaging analysis
was performed applying the subpixel event re-positioning
and smoothing procedures discussed in the literature
(Tsunemi et al. 2001; Li et al. 2004). We therefore used a
pixel size of 0.246 arcsec, instead of the native 0.495 arcsec.
At the distance of the source the adopted pixel size corre-
sponds to ≃ 50 pc. After cleaning for background flaring
events, we get a clean exposure of 49 ks. Source and back-
ground spectra were extracted from circular regions of 5 and
15 arcsec and grouped them to have at least 20 total counts
per new bin. The source is affected by pile-up and, following
Davis (2001), we estimate it to be ∼ 10%.
In the following, errors and upper limits correspond
to the 90 per cent confidence level for one interesting pa-
rameter, where not otherwise stated. The adopted cosmo-
logical parameters are H0 = 70 km s
−1 Mpc−1 , ΩΛ =
0.73 and Ωm = 0.27 (i.e. the default ones in xspec
12.8.1: Arnaud 1996). All models presented in this pa-
per include Galactic absorption along the line of sight
(NH=1.3×10
21cm−2: Kalberla et al. 2005), i.e. the same
value used by Piconcelli et al. (2011).
3 X-RAY SPECTRAL ANALYSIS
3.1 The hard X-ray (5-10 keV) band
As a first step, we restrict our analysis to the 5-10 keV energy
range to investigate the reflected primary continuum and the
iron Kα complex, testing two alternative scenarios:
• a reflection-dominated scenario where the X-ray pri-
mary continuum from the AGN is totally suppressed in the
EPIC band for the presence of a Compton-thick absorber
(NH > 1.5 × 10
24cm−2).
• a transmission-dominated scenario, where the AGN
emission is absorbed by a Compton-thin (NH < 1.5×10
24
cm−2) obscuring screen.
We start fitting the pn data with the reflection
scenario. This model consists of a neutral absorption
component modeled by TBABS, using solar abundances
Wilms et al. (2001) and cross-sections from Verner et al.
c© 0000 RAS, MNRAS 000, 000–000
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Figure 2. Reflection (in black) and transmission (in red) models
fitted to pn data are shown, with residuals in the 5-10 keV energy
range.
Figure 3. Contour plots between the width and the energy cen-
troid of the Fe Kα line are shown for both pn and MOS data
(solid and dashed lines, respectively). Each curve represents a
confidence level: black curve 68%, red curve 90%, green curve
99%. Vertical dashed line indicates the theoretical transition en-
ergy.
(1996), and a cold reflection component modeled by pexrav
(Magdziarz & Zdziarski 1995) in xspec. The reflection fac-
tor R indicates the amount of radiation reflected by Comp-
ton scattering from a semi-infinite slab with respect to the
incident continuum. We assume solar abundances, R = −1
(corresponding to a pure reflection spectrum) and we fix the
high-energy cutoff to Ec=1000 keV and the inclination angle
to θ = 65◦ (Piconcelli et al. 2011) . Additional free parame-
ters are the photon index Γ and four Gaussian emission lines
(see section 3.1.1 for further details) corresponding to the
strong fluorescence Fe Kα and Ni Kα lines, the Fe Kβ and
an ionised Fe Kα line (Fe XXV Kα), as already reported in
Piconcelli et al. (2011). We fix all the line widths σ to zero,
exception made for the Fe Kα. Fitting the pn data with the
reflection model, we obtain χ2/dof=78/78=1 with a photon
index Γ=1.8±0.1. In Fig. 1 we show the pn data set fitted
with the reflection model and residuals (in black).
date exposure time count rates
(ks) cts/s
RGS 1 2013-02-24 128 (6.1±0.8)×10−3
RGS 2 2013-02-24 128 (8.1±0.7)×10−3
pn 2013-02-24 85 0.39±0.02
ACIS 2014-06-20 49 (9.8±0.1)×10−2
Table 2. Dates, exposure times and count rates. For the two RGS
the energy range is 0.3-2.5 keV, while for pn and ACIS the energy
range is 0.5-10 keV.
Band Flux Luminosity
(keV) ×10−12 erg cm−2 s−1 ×1041 erg s−1
5-10 1.89+0.03
−0.08 3.46
+0.06
−0.13
2-10 2.29+0.04
−0.09 4.20
+0.06
−0.17
0.5-10 2.33+0.03
−0.10 4.26
+0.07
−0.17
Table 3. Observed fluxes and luminosities.
As a next step we fit the pn data with the transmission
scenario. The transmission model is composed by an ab-
sorbed power-law (in which the Galactic absorption is mod-
eled by TBABS) and four Gaussians to reproduce the four
emission lines discussed above. Since no reflection from cold
material is considered we do not use the pexrav component
in our model. We get a χ2/dof=79/77=1.02 with Γ=2.6±0.3
and NH = 5.8
+0.6
−1.2 × 10
23 cm−2. We plot the data set fitted
with the transmission model in Fig. 1 and residuals (in red).
From a statistical point of view, the reflection model
and the transmission model appear equivalent (reduced χ2
values of 1 and 1.02, respectively, for one additional degree
of freedom)but for the reflection model the best fit value
for the the power law index is typical of Seyfert galaxies
(Bianchi et al. 2009) and it is in agreement with the value
reported in Piconcelli et al. (2011). In the transmission sce-
nario, the power law index is extremely steep (Γ=2.6±0.3)
and cannot be reconciled with the observed distribution of
this parameter in radio-quiet AGN. Moreover, we can use
the ratio T of the observed 2-10 keV to the extinction-
corrected [OIII] fluxes as a proxy for the amount of obscu-
ration of the X-ray primary continuum. The [OIII] emis-
sion line is an isotropic indicator of the AGN power, be-
ing produced in the Narrow Line Region. In particular, X-
ray sources with T < 1 are associated with a Compton-
thick absorber and a 2-10 keV reflection dominated spec-
trum (Bassani et al. 1999; Akylas & Georgantopoulos 2009;
Gonza´lez-Mart´ın et al. 2009). The extinction-corrected
[OIII] flux of ESO 138-G1 is 2.7×10−12erg cm−2 s−1
(Piconcelli et al. (2011) and references therein). In our re-
flection scenario T assumes a value (with the 2-10 keV flux
reported in Table 2) of ∼ 0.85, which is consistent with the
existence of a Compton-thick screen which suppresses the in-
trinsic 2-10 keV flux. For the transmission scenario, we found
for the de-absorbed 2-10 keV flux a value of 1.4×10−11erg
cm−2 s−1, which gives T ∼5. This value is inconsistent
with those found by many studies for unabsorbed Seyfert
1 and absorption corrected Compton-thin Seyfert 2 galaxies
(Maiolino et al. 1998; Panessa et al. 2006; Lamastra et al.
2009), which are typically > 10. Therefore, the comparison
c© 0000 RAS, MNRAS 000, 000–000
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Line Energy EW Intensity σ ET
(keV) (eV) ×10−6(ph cm−2 s−1) (eV) (keV)
Fe Kα 6.417+0.007
−0.006 745±45 26.7±1.7 22
+25
−20
6.400
Fe XXV Kα 6.73±0.07 54±30 2.0±1.0 -
6.675(i)
6.700(r)
Fe Kβ 7.07±0.04 100±30 3.1±0.8 - 7.058
Ni Kα 7.51±0.07 80±40 1.6±0.8 - 7.472
Table 1. Best fit parameters for the 5-10 keV pn analysis. Observed centroid energies, Equivalent Widths, intensities, widths and
theoretical transition energies are reported.
with the [OIII] flux gives further support to the reflection
dominated scenario.
3.1.1 The emission features
All the line fluxes (see Table 1) are consistent with
the values found by Piconcelli et al. (2011) for the old
2007 XMM observation. We find an intense Fe Kα emis-
sion line at 6.417+0.007−0.006 keV: its large Equivalent Width
(EW=745±45 eV) suggests the presence of Compton-thick
material (Matt et al. 1991; George & Fabian 1991). Fe Kβ
and Ni Kα are unresolved, but their width is consistent with
being produced by the same gas responsible for the Fe Kα
emission. We find an emission line at 6.73±0.07 keV, consis-
tent with being dominated by contributions from the reso-
nance and the inter-combination components of the Fe XXV
Kα triplet.
The energy centroid of the Fe Kα line (consistent with
the value found by Piconcelli et al. 2011) is not consistent
with the theoretical value for neutral iron in the pn spec-
trum, only marginally in the MOS (at a confidence level of
99%, see Fig. 3). This inconsistency can be due to calibra-
tion issues, but may also have a physical origin, suggesting
that iron may be ionised: the observed centroid energy is
indeed consistent with FeXIII-FeXVI (House 1969). We also
calculated the ratio between the fluxes of Fe Kβ and Fe Kα,
which depends on iron ionization:
FFeKβ
FFeKα
= 0.116 ± 0.033, (1)
This value again is inconsistent with the one expected
for neutral iron (0.155-0.160: Molendi et al. 2003b; House
1969), but it is consistent with the values of the ratio as-
sociated to the group of lines FeX-FeXII (Kaastra & Mewe
1993). Although this piece of information is not formally in
complete agreement from what we derived from the centroid
energy, both diagnostics seems to agree that iron is ionised
at about FeXII-XIII.
Adopting the best fit centroid energy and width, we find
that FWHM=2400+2500
−2100 kms
−1. From the FWHM, assum-
ing a Keplerian motion around the central object, we can
calculate the distance of the gas which produces the line:
FWHM = 2vk sin i ≃ 1300
(
M8
r
)1/2
sin i km s−1 (2)
where the radius is expressed in parsec, the mass in 108M⊙
and i is the angle between the torus axis and the line of sight
(see e.g. Bianchi et al. 2005). The BH mass of ESO 138-G1
is estimated to be ∼4.6×106M⊙ (Piconcelli et al. 2011). In-
serting this value for different choices of i of 30 or 60 degrees
we obtain respectively for the distance of the gas the values
3.4×10−3pc and 1×10−2pc. These values, together with the
measured FWHM, are more suggestive of an origin of the
line in the BLR rather than the torus. However, since the
X-ray emission of this source is strongly absorbed, an ad-hoc
geometry would be needed to explain the observation of an
iron emission line from the BLR.
On theoretical grounds, the Compton-scattering of the
red part of the Fe Kα line should produce a Compton Shoul-
der, which can be modeled with a Gaussian line with σ fixed
at 40 eV and energy fixed at 6.3 keV (Matt 2002). The inclu-
sion of such a component produces only a little improvement
of χ2 (χ2/dof=76/77=0.99) and we only find an upper limit
for its intensity FCS < 4.3×10
−6ph cm−2s−1. The inten-
sity and energy centroid of the iron Kα are consistent with
the values reported above and we find an upper limit of 36
eV for the width of the line. The ratio FCS/FFe Kα <0.19
is marginally consistent with the 0.2 value expected for
a Compton-thick material (Matt 2002; Yaqoob & Murphy
2011).
3.2 The soft X-ray (0.3-2.5 keV) band
The soft X-ray spectrum of ESO 138-G1 appears dominated
by line emission, as commonly found in this class of sources
(e.g. Guainazzi & Bianchi 2007). We analyse the RGS 1 and
RGS 2 spectra jointly, performing phenomenological fits on
≃ 100-bin spectral segments, using Gaussian profiles at the
redshift of the source (z=0.0091), and a power law, both
absorbed by the Galactic column density along the line of
sight. Since the model used to fit the continuum is not very
sensitive to the photon index Γ, due to the very limited band
width of each segment, it has been fixed to 1. Emission lines
from H-like and He-like O, Ne, Mg and Si, as well as from the
Fe L-shell, are detected (see Table 4). Even though the likely
identification of RRC features, together with the dominance
of OVII Kα line, suggest an origin of these lines in a gas in
photoionisation equilibrium (Guainazzi & Bianchi 2007), it
is impossible to extract more pieces of information from this
phenomenological fit.
In Fig. 5 we show the 0.3-2 keV Chandra ACIS im-
c© 0000 RAS, MNRAS 000, 000–000
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Energy Intensity Energy Intensity Identification ET
(pn) (pn) (RGS) (RGS)
0.57±0.02 28+21
−11
0.5614±0.0004 39+19
−10
OVII Kα
0.5610(f)
0.5685±0.0035 20±13 0.5685(i)
0.5739 * < 38 0.5739(r)
0.68±0.04 8.5+7.7
−4.3 0.6530±0.0007 18.4±0.8 OVIII Kα 0.6536
0.78+0.07
−0.15 15
+3
−7
0.7263±0.018 4.5±2.5 FeXVII M2, FeXVII 3G 0.7252, 0.7272
0.7390±0.0005 14.0±0.5 OVII RRC 0.7393
0.8257 * <17 0.8263+0.0015
−0.0008 7.5±3.0 FeXVII 3C 0.8257
0.87+0.06
−0.17 22
+16
−14
0.8738+0.0002
−0.0012 12.0±3.0 OVIII RRC,Fe XVIII L 0.8714, 0.8728
0.94±0.04 24+10
−12
0.9054±0.0005 12.3±0.4
NeIX Kα
0.9050(f)
0.9149 * < 0.5 0.9149(i)
0.9220+0.006
−0.024 10.0
+4.7
−3.8 0.9220(r)
1.06±0.02 9.2+2.0
−1.6 1.0747
+0.0007
−0.0017 5.8±2.7 NeIX Kβ 1.0737
1.19±0.01 8.7±1.5 1.202±0.003 8.7+1.7
−2.2 Fe XXIII L 1.170
1.31±0.02 8.3±1.6
1.331+0.012
−0.013 3.8±2.3
MgXI
1.3311(f)
1.3433 * < 3 1.3433(i)
1.351+0.010
−0.026 4.3
+2.2
−1.7 1.3522(r)
1.41±0.02 5.7+7.3
−4.4 1.4857
+0.047
−0.060 2.8±1.5 MgXII Kα 1.4723
1.82±0.01 5.9±0.6
1.8394 * < 4.1
SiXIII
1.8394(f)
1.8541 * < 4.8 1.8541(i)
1.8649 * < 5.8 1.8649(r)
1.98±0.04 1.0±0.6 2.0054 * < 13 Si XIV Kα 2.0054
2.41±0.02 3.4±1.7 2.416 * < 30 S XIV Kα 2.416
Table 4. Emission lines detected in the soft X-ray (0.5-2.5 keV) analysis. We report their centroid energy (keV), intensity, identification
and theoretical energy (keV). Intensities are in 10−6 ph cm−2 s−1 units, energies are in keV units. Asterisks indicate fixed energies.
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Figure 4. Best fit model to the O VII Kα triplet, using the RGS
1 spectrum.
age of ESO 138-G001. The source appears unresolved, but
presents hints of elongation along the NW-SE direction:
all the soft X-ray emission, likely arising from the Nar-
row Line Region, is enclosed in ∼1 squared kiloparsec.
Schmitt & Storchi-Bergmann (1995) found that the [OIII]
emission exhibits a jetlike structure that propagates west-
ward up to ∼2 kpc from the nucleus at the 2σ level, with
a peak of emission at 7 arsec (∼1.3 kpc). This [OIII] ex-
tension is also present in a HST/WFPC2 image presented
by Ferruit et al. (2000), where it appears as a faint ex-
tension given the short exposure. However, only 4% of
the total [OIII] flux of the source (9.72 × 10−13 erg cm−2
s−1) is emitted outside the central 5 arcsec (Table 2;
Schmitt & Storchi-Bergmann 1995). The soft X-ray flux of
the NLR is generally a factor 2-5 lower than the [OIII] flux
(Bianchi et al. 2006), so it is not surprising that this further
weak extension is not detected in our Chandra observation.
c© 0000 RAS, MNRAS 000, 000–000
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5’’ (950 pc)
Figure 5. ACIS-S image of ESO138-G1, filtered between 0.3 and
2 keV. HST-WFPC2 contours (using [OIII] filter FR533N) are
overimposed. North is up and East to the left.
3.3 The broad-band (0.5-10 keV) model
We then analyse the 0.5-10 keV spectrum of ESO 138-G1,
by fitting the pn data with a new model consisting of the
reflection model presented above, plus an unabsorbed power
law component and a sequence of narrow (σ=0) Gaussian
lines to account for the emission features observed in the soft
part of the energy range. We obtain a reasonable fit with a
reduced χ2/dof=221/194=1.14. The unabsorbed power law
component is described by a photon index Γ=2.80±0.03,
which is consistent with the value found by Piconcelli et al.
(2011). The reflection component is now described by a
photon index Γ=1.59+0.07−0.04, which is marginally consistent
with the photon index found in the hard band analysis
Γ=1.8±0.1. In our analysis we identify thirteen emission
lines in the soft X-ray band, some of which already reported
by Piconcelli et al. (2011). In Table 4, the best fit parame-
ters of these lines are listed, together with a comparison with
the RGS analysis presented in the previous section. No sig-
nificant differences, both in energies and intensities, can be
seen between the results of the two instruments. We plot in
Fig. 6 (left-hand panel) our data fitted with the broad-band
model, which is shown in detail, with all its components, in
Fig. 7. Observed fluxes and luminosities for this model in
different energy bands are listed in Table 3.
We use the pn best-fit model to model the ACIS spec-
trum of the source, adding the pileup component in xspec
(Davis 2001), since the observation is affected by pile-up.
Leaving as free parameters only the overall normalization,
and the centroid energies and intensities of the Iron Kα
and Iron XXV Kα emission lines, we get a best-fit with
χ2/dof=199/176=1.13. All free parameters are in agreement
with the ones presented above for the pn. We show in Fig. 6
(right-hand panel) the best-fit and residuals.
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Figure 7. Plot of the broad band model in the energy range
0.5-10 keV.
4 A SELF-CONSISTENT MODEL
As a final step, we performed a self-consistent modeling
of the broad-band pn data, following the phenomenologi-
cal analysis. In the previous sections we modelled the re-
flection emission from the cold material in ESO 138-G1
with pexrav which assumes a plane slab of cold reflect-
ing material. For the high energy part of the spectrum, we
now adopt (as well as TBABS to model the Galactic col-
umn) MyTORUS(Murphy & Yaqoob 2009), which repro-
duces the primary continuum together with the reprocessed
emission from a toroidal distribution of material. This sce-
nario corresponds to the doughnut type of geometry used
for the obscuring torus in the AGN unification schemes. We
define the equatorial column density NH as the equivalent
hydrogen column density through the diameter of the tube
of the torus.
We used all threeMyTORUS components: the primary
power-law absorbed by the torus along the line of sight, the
continuum reflection component and the emission features
associated to it (Fe Kα, Fe Kβ and the Fe Kα Compton
Shoulder). The normalization between these three compo-
nents is left free to vary, in order to account for deviation
from the standard geometry, covering factor and elemental
abundances. On the other hand, the equatorial column den-
sity and the inclination angle of the torus are the same for
all the components. Since the Fe Kα line in ESO 138-G1
was found to have an energy significantly larger than 6.4
keV (see Sect. 3.1), we left the redshift free for the emission
features component.
For the soft X-ray emission, we used an updated and
extended version of the same photoionisation model first
presented in Bianchi et al. (2010), produced with cloudy
13.03 (last described in Ferland 2000). The main ingredi-
ents are: plane parallel geometry, with the flux of photons
striking the illuminated face of the cloud given in terms of
ionisation parameter U (Osterbrock & Ferland 2006); inci-
dent continuum modeled as in Korista et al. (1997)1; con-
1 Since ESO 138-G1 is a strongly absorbed source, we have no
direct information on its intrinsic SED. However, the standard
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Figure 6. Broad band model fitted to pn (left) and ACIS (right) data with residuals in the 0.5-10 keV energy range.
stant electron density ne = 10
5 cm−3 (we are nonetheless in
a regime insensitive to density: Porquet & Dubau (2000));
elemental abundances as in Table 9 of cloudy documenta-
tion. Only the reflected spectrum, arising from the illumi-
nated face of the cloud, has been taken into account in our
model.
The resulting fit is unacceptable (χ2 = 437/222 d.o.f.),
with strong residuals, mostly in the soft X-ray part of
the spectrum. While adding emission from a collisionally
ionised gas (apec) does not improve the fit significantly
(∆χ2 < 11), another photoionisation component is strongly
required by the data (χ2 = 302/219 d.o.f.). Some residuals
are still present in the data: they can be readily identified
with emission of fluorescent lines from neutral Nickel (7.472
keV), Calcium (3.690 keV), and Titanium (4.510 keV),
which may be self-consistently produced in the torus,
but are not included in MyTORUS, the FeXXV Kα line
(marginally constrained to be the resonant component
of the triplet at 6.700 keV), not associated in our model
to any continuum emission (the ionization parameters of
both photoionisation components are too low to produce a
significant contribution to this line: see below), as well as
contribution from the forbidden transition of the SIXIII Kα
triplet (1.8394 keV), SiXIV Kβ (2.3763 keV), and MgXII
Kα (1.4723 keV), which are underestimated by the two
photoionisation components. The inclusion of these seven
Gaussian lines further improves the fit, which is now good
(χ2 = 239/212 d.o.f.), and without systematic residuals
(see Fig. 8). All the energies of the Gaussians are fixed
and their widths are fixed to be narrow (σ = 0). The final
model, in xspec, reads as:
TBABS×(CLOUDY1+CLOUDY2+7×ZGAUSS
+POW×MYTT+MYTS+MYTL).
The best fit parameters for this fit are summarized in
Table 4. The two photoionisation components have log U1 =
−0.80 ± 0.05, log U2 = 1.62
+0.04
−0.03, and log NH1 = 22.4 ± 0.1,
log NH2 = 21.13 ± 0.12 (in cm
−2). The photon index of
AGN SED that we used for this model is well suited for our
qualitative analysis of a low resolution soft X-ray spectrum.
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Figure 8. The self-consistent model described in Sect. 4 applied
to the XMM-Newton pn data in the energy range 0.5-10 keV.
The spectrum (divided by the effective area) is shown in the
upper panel, together with the total best fit (black line), and
all the components: MyTORUS scattered components and lines
(red), the two cloudy photoionisation components (green), and
the seven Gaussian emission lines (blue). The residuals in terms
of ∆χ2 deviations are shown in the lower panel.
the intrinsic continuum is Γ = 2.03 ± 0.14 and the equa-
torial column density for all MyTORUS components is
7.7±0.16×1023 cm−2. The inclination angle is constrained to
be < 68 ◦ (99% confidence level), while the default geometry
of MyTORUS requires it to be > 60 ◦ in order to have ab-
sorption along the line of sight. The normalization between
the emission lines component and the scattered continuum
from the torus is 0.61+0.07−0.05 , reflecting a somewhat different
geometry, covering factor and/or elemental abundance with
respect to the default one of the model.
Finally, the data do not require any contribution from
a transmitted primary continuum, being it constrained to
be < 10% than the scattered component (99% confidence
level). The geometry and/or covering factor of the reflec-
tor may be significantly different from the one assumed by
MyTORUS, greatly enhancing the reflection flux, or the
observed reflected flux is an echo of a much more lumi-
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Parameter Best fit value
logU1 −0.80± 0.05
logNH1 22.4± 0.1
logU2 1.62
+0.04
−0.03
log NH2 21.13 ± 0.12
NH 7.7± 0.16
Γ 2.03± 0.14
MyTorusL/MyTorusS 0.61+0.07
−0.05
MgXII Kα (1.4723 keV) 0.9± 0.7
SIXIII Kα f (1.8394 keV) 2.3± 0.6
SiXIV Kβ (2.3763 keV) 1.3± 0.8
CaI Kα (3.690 keV) 1.2± 0.6
TiI Kα (4.510 keV) 0.8± 0.6
FeXXV Kα r (6.700 keV) 1.3± 1.0
NiI Kα (7.472 keV) 1.7± 0.8
Table 5. Best fit values for the MyTORUS modeling. Intensities
are in 10−6 ph cm−2 s−1 units, energies are in keV units and
column density is in 1023 cm−2 units.
nous state of the source in the past. Interestingly, Rose et al.
(2015), using WISE mid-IR colours (4.6–22 µm), suggested a
torus inclination angle of ∼ 35◦ for this source: in agreement
with Goulding et al. (2012), in which the lack of 9.7µm sili-
cates absorption feaures is reported. Such a low inclination
angle would support a scenario whereby we have an unob-
scured line of sight to this source, which should therefore be
switched off, leaving only reflection from distant material as
an echo of its past activity.
Alternatively, assuming that the normalization of the
intrinsic continuum is the same as the scattered one, the
column density along the line of sight must be > 2 × 1024
cm−2, which is significantly larger than the column density
along the line of sight derived from the default MyTORUS
geometry (roughly between 0.25 and 0.65 times the equa-
torial one, given the constraints we get on the inclination
angle), and than the mean column density, integrated over
all lines-of-sight through the torus, which is pi/4 the equato-
rial one. Therefore, in this scenario, the absorbing/reflecting
medium would not be homogeneous, but the column den-
sity along the line of sight, responsible for the absorption
of the nuclear continuum, would be larger than the aver-
age column density of the reflector, responsible instead of
the overall properties of the reflected spectrum. The 14-195
keV Swift-BAT spectrum of ESO 138-G1 retrieved from the
online 70-month catalog2 does not allow us to discriminate
between the two scenarios due to its low statistics. We also
note that the galaxy NGC 6221 (only ∼ 11 arcmin distant
from ESO 138-G1) might possibly contaminate the Swift-
BAT FOV. A possible breakthrough can be represented by
observations preformed with high energy (>10 keV) focusing
instruments, such NuSTAR and, in the near future, Astro-H,
which could allow us to disentangle the hard X-ray spectral
properties of these different scenarios and discard the con-
tamination due to the presence of NGC 6221 in the FOV.
5 CONCLUSIONS
We presented in this work a broadband (0.3-10 keV) anal-
ysis of the XMM-Newton and Chandra observations of the
Seyfert 2 galaxy, ESO 138-G001. Our main results can be
summarized as follows.
• The source appears to be absorbed by Compton-thick
gas along the line of sight, confirming and refining past
results. However, if a self-consistent model of reprocessing
from cold toroidal material is used (MyTORUS), a possible
scenario requires the absorber to be inhomogenous, its
column density along the line of sight being larger than
the average column density integrated over all lines-of-sight
through the torus;
• the iron emission line around 6.4 keV is likely produced
by moderately ionised iron (FeXII-FeXIII), as suggested
by the shifted centroid energy and the low Kβ/Kα flux ratio;
• the soft X-ray emission is dominated by emission fea-
tures, well identified in the high-spectral resolution RGS
spectra with transitions from highly ionised metals, as com-
monly found in Seyfert 2 galaxies. This emission is likely
associated with the optical NLR, which is quite compact
and, therefore, unresolved even in the high-spatial-resolution
Chandra image. Photoionisation appears to be the main ex-
citation mechanism for this gas, as confirmed by line diag-
nostics and the use of self-consistent models (Cloudy) for
the low-resolution pn spectrum.
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